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Reference: XR,411/L,

1., ABSTRACT,

Calculations of the flame temperatures and force constants of certain
"cool" gun propellants have becn carried out, taking into account the
formation of methane and eammonia, It has been shown that for propecllants
F,527/155 and F,428/180 the 'true' flame temperatures arc 20459K, and 2050°K,
compared with the 'nominal' valucs of 1942°K, and 1950°K, obtained by neglecting
the formation of these gases, The 'true! force constants arc respeetively
1493 and 1453 inch-tons/1k, comparcd with 1474 and 1436 inch-tons/1b.

In the casc of thc propellants F,527/156 and F,428/181 having a 'nominal!
flame tcmperaturc of 1700°K, the truc flame temperaturcs arc 1905 and 1915°K,
respecctively and the corresponding forcc constants nearly 5 per cent. above
those obtained by ncglecting the formation of methanc and ammonia .

Conditions for thc deposition of carbon do not cxist for any of thesc
propcllants under conditions of maximum pressurc but in the casc of F.428/180
and F,428/181 conditions arc such that carbon deposition could occur if
equilibrium were attaincd at the moment of shot cjcction,

2, 0OBJECT OF INVESTIGATION,

To calculate the effect of the formation of methane and ammonia and of
the possible deposition of carbon on the adiabatic flame tempcraturcs and
force constants of cool gun propellants and to ascertain the extent to which
the values so obtained differ from those derived from the 'nominal' values
obtaincd By neglccting these reactions,

3. INTRODUCTION,

Reduction of gun crosion is of grecat importance for modern artillery,
particularly that participating in defcnce against attack by aircraft, as
the opcrational requirement is for maximal ratc of fire of high-velocity
projectiles,

On thc assumption that both chemical and physical (thenmal) factors arc
opcrative in barrcl wear, trials have bcen arranged of a scrics of (a) picrite
and (b) non-picritc propcllants, at flame-tomperaturc levels down to 1700°K,
For certain practical rcasons, propellants in the two scrics of flamc
temperature 19509K, were chosen for the first comparison, It was found that
the picrite propecllant produced much less crosion than the non=picrite
counterpart, at the same ballistics and under the slow-ratc-of-firc conditions
of the trinl, It is thcrcforc concluded that at the flame temperaturc
concerncd, and under the slow-ratc=of=firc conditions of the trial, crosion
is markcdly rcducecd by lowering the concentration of carbonaccous Eand therc=
fore iron-reactive) constitucnts of the muzzlc gascs, achicved in the casc
of picritc propcllonts by their high contcnts of nitrogen.

In formulating thesc compositions to give the desired flame-tcmperaturc,
certein simplifying assumptions werc made, particularly thot of the non-

/formation
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formation of appreciable proportions of ammonia and methane during the
combustion of the propellant in the gun,

This report presents a re-calculation of the flame temperatures of
certain propellants in the trial series, with allowance for the effect
thereon of the formation of ammonia and methane, which are proved likely
to bc present in significant proportions in the muzzle gases,

It is shown that the compositions formulated to give flamc-temperatures
of 1950°K, give in fact about 2050°K,; that the nominally 1700°K,
propellants give about 1900°K,; and that the corresponding values for the
force-constants are respectively 1,3 per cent, and 3 to 5 per cent, higher
than hitherto assumed; only the latter diffcrence is likely to produce a
ballistically-detectable effect.

It is also shovn that with the non-picrite propellants of both 1700°
and 1950°%K, nominal flame~temperature, conditions may occur under which
deposition of carbon is theoretically possible, No report of carbon depos-
ition during the firings so far carried out has been received; the effect
will be watched for during any further firings in the trials concerned,

4. CAICULATION OF THE GAS COMPOSITION AND ADIABATIC FLANE TEMPERATURE,

4.1, The usual method of calculating the adiabatic flame temperature
(To) produced by the explosion of a propellant is by estimating an approx-
imate value for this quantity, calculating the composition of the explosion
products at this temperature and comparing thc heat content of the gases so
formed with that derived from the heat of explosion calculated from the hcats
of formation, Successive values of T, are tried until the above two
quantities balance. This gives the corrcct valuc for T,,

The composition of the explosion products of a propellant is obtained
by cquating the number of gram-atoms of its constituent clements to the
corrcsponding elements in the products of explosion. Assuming that (C),
(H) (V) and (0) arc the numbers of grom-ctoms of these clements in one gram
of propellant and that CO,, CO, HpO, Hp, Ny arc the corrcsponding concen-
trations of the products in gram-molcculcs per gram then:-

(C) =C0s + CO (1)
(H) = 2Ho0 + 2Hp (2)
(N) = 2 _ (3)
(0) = 2005 + CO + HyO ()
Equations (1) and (4) arc connccted by the watcr gas equilibrium relationship
SEid =k (5)
Ho x COp

‘d
wherc K, is the cquilibrium constant at To K,

Note: The nomcneclaturc used for the cquilibrium constonts is thot
cmploycd in A,R.E, Report No.25/49 (7) and valucs of specific heats and
cquilibrium constoents uscd in the calculations in this report were toaken
from thint report,

-2 - /By .
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By eliminating CO, Hp0 and Hp from equations (1), (2), (i) and (5)
a quadratic expression for CO2 is obtained, the solution being

© co, ==zt (2 4k (1)) [(0)-©)])
2(K,-1) A

L \

where -x = K,(H/2) + K,(C) -(Xy-1)(0)

Substitution of COp in equations (1) to () gives the concentrations of the
other gases viz: CO, Ho0, Ho, No,

The above derivation assumes that the only products of cxplosion formed
arc CO2, CO, Hx0, Hp, Npo, If any other products arc formed the ecquations
(1) to tl..) arc not strictly truc, When T, is greater than 2,700°K,
appreciable but small quantitics of dissociation products arc formed,

These arc small compared with the major products of cxplosion and can be
estimted by methods of approximation (1).

When Ty is below 2,500°K, appreciable quantities of methane and
ammonia can be formed, These gases are in equilibrium with the other
products of explosion according to the reversible reactions,

M)

@ CO + 3Hp = CH, + Hx + LB,300cal. |

(
@ 1/2 No + 3/2 Hp = DNHz + 10,159 cal, (§)

In order to calculate the products of explosion it would be necessary to
obtain a solution to the following equations:-

(C) = COp + CO + CH, (9)
(H) = 2Hp0 + 2Hp + 4CH), + 3NH3 (10)
(N) = 2N, + NH3 (11)
(0) = 2005 + CO + HY0 (12)
Ko - Co x H20 (13)
COp> x Ho
3
%' = Co x (Hp) (1)

X = NH; (15)
’ (N,) x (Hg)j/ o

Such a solution would be very complex and it was therefore dccided to
extend the approximation mcthod used for the minor products of cxplosion
%o caleculatc the concentration of mecthanc and ammonia, using the quadratic
solution (cquation (6)) for the mjor products, The atomic composition of
one grom of propellant wns worked out in the usual woy, A valuc of To vins
choscen and concentrations of CH), and NHz at this tcmperaturc cstimnted,
A now set of atomic concentrations (C)’) (H)’ and (;;S)’ wns then obtnincd by
subtracting the nunber of grem-ctoms of carbon, hydrogen and nitrogen

/containcé
-3 -
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contained in those estimated concentrations from the total in the propcllant,
Thus

—
Q
S

-
]

(c) - CH),

~
o
p—
.
i

(H) - 4CH, - 33
(V) - NH3

I

)’

Substituting thesc values in equation (6) we obtain a valuc for 002 and
sincc

€)’ = ©o, + CO
H)' = 20 + 2Hp
! §

it is possiblc to obtain values for COp, CO, H)O, Hy, and Ny, By substituting
these values in cquations (14) and (15) corresponding cquilibrium values for
CH;, and NHz are obtained, Approximation is continucd until the cstimated
and derived valucs for CH) and NH3 agrce at the tcmperaturcs under investi-
gation, P

It is then nccessary to balance the heat .of explosion of the propellant
with thc heat content of the products and continuc in this way until the
true values of Tp, CH)y and NHz are arrived at,

4,2, Corrcction for Compressibility,

The physical and chemical data usually employed in calculating flame
temperatures and force constants are those for zero pressure. At gun press-
ures i.e. ca, 20 tons/square inch deviations from the gas laws occur and in
order to achieve accuracy it is necessary to apply a correction for compress-
ibility,

The method of correction and tables used in the present rcport are
described in A.R.D. Theoretical Research Report 8/43 (Cornmer's Tables) (2),
The quantitics to which these corrections have been applicd are the water
gas cquilibrium constant, thc internal energy of the propellant gascs and the
pressurc, The cxpressions uscd to obtain these quantities are given in the
following paragraphs, The quentity V is the volume of unit mass gos and is
the reciprocal of the density. In thc calculations of force constant
described in the report the density corresponding to maximum pressurc has
been taken as 0.35 gm./ce. For conditions at the point of shot cjcction the
value was 0,13 or 0,15 gm,/cc., dcpending on the gun.

L.2,1, Viater Gas Equilibrium Constant,

The valuc of the watcr gas cquilibrium constant at o density of V-l
grom/ce, and temperaturc TOK, is given by:

/K = KT
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2
-n AB - n AC
K = KCT [—'\-IA_ ;.2. _é_]
where QB =Bgp + BHQO - B002 - BHQ

and AC =Cpg + CHQO - 0002 - CH2

values for AB a.nd% are given in the tables,

8.2.2, Internal Fnexrgy.

The internal energy of 1 gram of propellant gases at a density V'lgm./oc.
and temperature TOK is given by

2
2 2 o)
E = EGO.ECO’O + v EECO,]_ + vz Eco.Eco’z

] .
where EGO 1 and Eqq o ote, are given in the tables and & C0.Eqg o is the
) ’ H
intornal cnergy at zoro prossure obtained by multiplying the mean specific
hoat of the propellant gascs botween 300 and TOK, by the temperaturc interval
(T=300).,
L.2,3. Pressurc,

The pressurc of propellant gas at a donsity vi gm,/cc,

nT B nC
P = 0,538, v (1 + 7 ;é' ) tons/square inch
where B = 10C0,Bq
and O = 2C0.Cqyg

L.2,4, Co=volume,

The co-volume n is given by the cxpression

P(V-7) =nRT
i,ec. 2V - ce./gm,
P
Ao
=V -3
where A, is in tons/squarc inch/gm,/cc.

¥ iadn tons/squam inch,

L.3. Forcc Constant Ay,

This is the product of thc prossure and the corresponding volume of
unit mass and is given by the formula

Ao =PV = nRI,

/vhere
L B
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where n = Number of gram,molecules per gram of propellant
R = Universal Gas Constant
T,= Adiabatic Flamc Temperature

A, is 14.91 n T, inch tons/1b.
or 0,538, n T, tons/square inch/gm./E%.

L.,L, Deposition of Carbon,

Under certain circumstances conditions can occur for the deposition of
carbon according to the reaction

20 = C0, + C + 40,630 Eodal.

The equilibrium constant of this reaction is

2
Kg = [p(C0) ] (in the presence of graphite)
p(C0y)

where p(CO) and p(CO») are partial pressures.

In order to ascertain vwhether conditions for carbon deposition are present,
the valuc of the fraction c0)] 2 is calculated from the partial

p(CO2
pressures of carbon monoxide and carbon dioxide in the barrel gases,
This is obtained from the concentration in gram-molecules per gram by multi-
plying by a factor (1) thus :-

[EEco)f (co)2 . 82,06T
p(CO2 CO2 v

vhere T is the temperature in °K

and V is thc volume of unit mass of barrcl Zas.

If the valuc of this fraction is less than the equilibrium constant at the
samc tomperature then the partial pressure of carbon monoxidc in the gascs
is below the equilibrium value and there is no deposition of carbon,
If, on thc other hand, the calculated values give value of [EECO!]z

p(CO2
excess of the equilibrium constant, then conditions for carbon deposition
do occur,

5. CONDITIONS AT THE MUZZLE,

The previous paragraphs rcfer to conditions at maximum pressurc,
When the shot has reached the muzzle the temperaturce and pressure arc both
lower, Conditions at the muzzle can be calculated by allowing for the cnergy
impartcd to thc shot and thc heat lost to the gun barrel,

5.1, Work Donc on Shot.

The swrork donc on the shot by unit mass of gas is given by the formula:

/11,1

=
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2
11,3 LY _d

(1,000)

W+C/3 cals /gm.
C

where V = muzzle velocity in ft,/sec,

W = shot weight in 1b,

C = charge weight in 1b,

Example: Q.F, 3 inch/70 cal, A.A, gun,

Chamber capacity 370 cubic inches
Calibre 3 inch

Shot travel 70 x 3 = 210 inch
Shot weight 15 1b,

Chargc weight 10 1b,

Velocity 3,400 feet per second

2
Work done = 11,1 El Ogg x A IO
k]

11.1 x (3.4)°2 x 1,833
o~ 11.56 x 1,833

235.2 calories per gram, of propellant

5.2, Density at Musule,”

The density of the gas whon the shot is about to bo cjected from the
barrcl can be calculated from the charge weight and the total volime of the
gun, Thus :-

Density = 27.68 . % _27.68 x 10
1894“}4-

0, 14926

0.15 gm./cc. approx.

5.3. Heat Loss at Muzzlec,

In the calculations madc in this rcport it was assumcd that the loss
of heat to the barrel-was 5 per cent, of thc total hcat of cxplosion of the
propcllant,

5.4, Calculation of Gas Corposition and Temperaturc at the luzzle.

The proccdurc for obtaining the gas corposition at the muzzlc is sirmdlor
to that already outlined for a density of 0,35 gm./cc., an estimntc of the
flame temperature being first made and the corresponding gos composition
caleulated.  In this case, however, the heat content of the gases obtained
from the product of the flame temperature and the mean specific heat of the
gascs must be cquated to the heat of explosion less the cnergy impartecd to
the shot and the heat lost to the barrcl, This is best scen in the detailcd
calculation for propellant F.527/155 in the 3 inch/70 calibrc gun given in
Appendix IT,

-7 -
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6, THE PROPELLANTS UIDER INVEST IGATION,

The compositions of the propellants under investigation are given in
Table 1, Compositions ®,527/155 and F.428/180 are of the samc nominal
flame temperature (19509K), that for both F,527/156 and F.L28/181 being
1700°K, Propellants of the F.527 scries, however, contain 60 per cent,
of picrite whercas thosec of the F,428 series have no picrite but contain
much more dibutyl phthalatc as a coolant, Composition F.487/47 is of the
picrite typc but contains dicthylenc glycol dinitrate in place of nitro-
glycerine. This last composition was included since it was the only
propcllant of this calorimctric level which had actually been fired in a gun.

7. DESCRIFTION OF YORK,

Calculations of the truc flame temperature and force constant have becn
carried out for propellant compositions F.527/155, F.527/156, F.L28/180 and
F.428/181, The results are summarised in Table 2, Calculations have
also been made of the 'nominal! flame temperature and corresponding force
constant obtaincd by neglccting both compressibility corrections and the
formation of mcthane and ammonia., In addition, another serics of calcu-
lations gave figurcs for the same quantitics when corrceting for compress-
ibility but ignoring mcthanc and ammonia formation,  The results arc given
in Tables 3 and 4 respectively.

In order to scc whether conditions for carbon deposition occur when the
shot has reached the rmzzle, calculations of the conditions at the muzzle
were made for compositions F,527/155 and F.428/180 in the Q.F, 3 inch/70 cal,
A.A, gun and for F,.28/181 and F,487/47 in the Q,F. 17 pounder gun,  The
rosults of thesc are surmarised in Table 6. The characteristics of these
two guns are given in Table 5,

A specimen calculation is given in Appendix II as an example in detail
for composition B2§27A%both at a density of 0.35 and under muzzle conditions,

8, DISCUSSION OF RESULTS,

8,1. From the tablcs it will bc secn that appreciable quantitics of methane
and ammonia arc formed although conditions for the deposition of carbon do
not cxist at a density of 0,35 gm./cc, Since the syntheses of methone and
ammonia according to thc rcactions

1

Co + 3H2
1/ + 3/3H,

CH, + Hg0

NH3

arc exothcrmic, the flame temperaturcs of the explosion products will be
higher than if the calculation is madc without taking their formation into
account. The total gas volumc on the other hand is smaller since in both
reactions the volumc of the products is half that of the reaction gascs,
The results obtaincd from individual propcllants are considered in detail
below,

F,527/155 gives an adinbatic fleme temperature of 2,Q,.59K, comparcd
with 194.2,L0K, in Table 3, whilst the force constant is inecreased from
74,5 to 14.93,2 inch tons/1b., i.c. about 1.3 per cent,

/F,L.28/180
= B =
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F,428/180 has a corrected adiabatic flame temperature of 2050°K, compared
with 1950°K, whilst the force constant incrcases from 14.35.6 to 153, - about
1.5 per cent,

F.527/156 the valuc for Ty is 1905°K, compared with 1702°K, uncorrected,
the force constant increasing from 1317.9 to 1380.8 inch tons/1b, - 4.8 per
cent,

F.527/181 gives T, 1915°K, comparcd with 1700°K, the force constant
increasing from 1301.0 to 1346,9 inch tons/lb, - 3.5 per cent.

8.2, Deposition of Corbon,

Conditions for thc deposition of carbon do not occur under conditions of
maximum pressure but it will be scen in Table 6 that carbon deposition con-
ditions arc present in the casc of compositions F,428/180 and F,L428/181 when
the shot has rcached the muzzle,
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APPENDIX I

TABIE 1

FPropellant Composition

Type Number | Picrite | G.C.| N.G. | D.E.G.N. | Carbamite | D.B.B.| Tep %K.
(noninal)

Picrite = N.G.|F.527/155 60 20 | 8,86 - 2,64 8.5 | 1950
Seriese.

F.527/156 1 60 20 | 6,38 - 2,64 10.98 | 1700

F.428/180}) = 65 1544 - 2.0 17.6 | 1950
Non-Picrite |F.428/181| =~ 65 |13.1 - 2,0 19.9 | 1700
N.G.Series.
Picrite=DEGN | F.L87/47 60 20| =- 7.9 2,64 9.46 | 1700
Series,

w 10 =
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TABLE 3
Calculated Flame Temperatures and Force Constants at Density 0.35 gm./cce

Uncorrected for Compressibility, llethane and fmmonia

Composition Fe527/155 | ¥, 428/180 | F,527/156 | F.L428/181

Nominal flame temperature %K. 19424 L 1950 | 1702.2 1700, 4

Total gos volume gn,mole/gme. 0050912 | 0.049375 |0.0519255 | 0,050825

Force Constant ip:iﬁch—tonqéi 147465 1435464 1317.86 1288, 54
TABLE

golculated Flame Tomperature and Force Constonts ot Density 0.35 gm./co.

Corrected for Compressibility, but not for ilethane and .anmonia

Composition F.527/155 | Fo428/180 | F,527/156 | F.428/181
Flane temperature °K. 1959.3° | 1973.1° | 1721.3° | 1716,9°
Calculated total gas volume 0.050912 | 0,049378 | 0.0519255 | 0.050825
in g:n.rnoli/égﬁi.

Force Constant in inch-t%;s/ 148743 1452, 6 1332,6 1301.0
“l? -
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IABLE 5
Data for QF 17 pdr. and OF 3 inch 70 CGal, A,A., Guns

— Gun
Characteristic 3=-inch 70 cal, 1/-pdr,
Calibre 3 inches 3 inches
Shot Travel 70 x 3 = 210 inches 204 inches
Chamber Capacity 370 cubic inches 300 cubic inches
Shot Weight ' 15 1b, 17 1b.
Charge Weight 10 Ib. 8.25 1b,
Muzzle velocity 3,400 f,.s. 2,900 f,.s,
Pressure (copper) 225 tons 20 tons
" (true) g " 2y "
Total volune of gun 185444 cubic inches| 1742 cubic inches
Density at muzzle 0.15 0.13
Work done on shot in calories| 235,2 20%.1
per gram of propellant
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4PPENDIX II

Calculation of Tg andMg etc., for Composition Fo527/155 at a

Density of 035 gm./cc.

Composition of Propellant in gm,atoms/gm,

Per cent Compositions C H N 0 Cal,Val,
Picrite 60 0.005772 |0,023076 | 0,023076 {0.011538] 432,0
GeCe 20 0. 004264 {0,005222 | 0,001886 |0.007326 204.0
N.G. 8.86 0.0011713]0, 001952 | 0,0011713{0,003513| 153,28
D.B,P. 8,50 0, 004891 |0,006727 - 0,001223 |=161,50
Carb, 2,64 0,001675 |0,001970 | 0,000197 0.000098 | =554 44

0.017773 10.038947 | 0,026330 | 0,023698 572434
-15 =
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Water Gas Mquilibrium BGonstant,

From Corner's Tables,

Ko(T) exp. [-=n_B - n? ¢

K(T) n-
v 2ve

-1

Ko(T) expe - 0,048335 B n2 . C
(572 5 -3

= Ko(T) expe [ 0.016918. 32.9 + 0,0002862 x 382 ]

= Ko(T) exp. ( 045566 + 0,1093)
= Ko(T) expe  ( 0.6659)

ices K = Ko(T) 60*0659
= Ko(T) x 1,946
K = 4990 x 1,946

= 9.7123
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Calculation of Gas Composition and Flame Temperature

T _’5,2050
Assuning that LC&‘I& o. 000630
P _o,}'}/" [NH5 0. 000180
c’= 9,1?73 ~ 0.000630 0,017143 gram atoms/gram

e 0038947 = 0,002520 - 0,000540 0.035887 " " "
N'= 0,026330 = 0,000180 0.026150 " m
0’= 0.023698 0.023698 " 0
0 - ¢'= 0,023698 ~ 0.017143 0.006555 * W W
H/2 = 0,035887/2 0.017944 ™ @ "

=X = 947123 x CoOL7944 + 947123 x 0.017143 = 8,7123 x 0,023698
= 0.174277 + 0.166507 = . 20646l
= 04134320

CUp = =0,134320 % V((0.134320)° + 34,849 x UeUL7143 x 04006555)
17425

:: =0,134320 % V(C,018LU19 + UellL39161)
17.425

= =Ge 154320 +¥{0.u21958)

17.425
=Ge 134320 £ C,14819 = L.0U1387
17.425 17425

LeLL796 . g1, mol, /gm,

-17 =
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CO2 0,000796 gm,molce. /gl
CO  0.,017143 = 0.000796 0,016347 " * "w
Hp0 = 0,006555 = 0.000796 0,005759 " m auw
Hp = 0,017944 = 0.005759 0,012185 " ™ wn
N, = 0,026150/2 0,013075 " " aw

Checking the value for the water gas equilibrium constant
0.016347 x 0,005759 - 0,000094142 = 9,706 (cf,9.712)
0.000796 x 0,012185 0,0000096993

K (check) =

Checking calculated CH), against estimated value

_3.533 x 107 x 0,016347 x (0.012185)° x 3.4667 x 10°
0,005759

CH,

_ 34533 x 1.6347 x 1.80916 x 3.L667 x 1074 - 0.,000629 (cf, 0.000630)
5759

Checking calculated NHj against estimated value
2,029 x 109 x (0.013075)%2 x (0,012185)%/2 x 5,888 x 10%

Ni3

2,029 x 0.11434 x 0.0013448 x 5.888 x 10™% = 0,0001837 (cf.0,000180)

Moan Specific Heat of Gases between 300° and 2050°K,

COp 0.000796 x 10,889 = 0,008676
co 0.016347 x 6,004 = 0.098147
Hp0 0,005759 x 8.29h = 0.047765
Hp 0,012185 x 5.467 = 0,066615
N, 0.613075 x 5.923 = 0.077h43
CH), 0.000630 x 15,529 = 0,009783
NH3 0,0C0180 » 11,828 = 0.002129

0.31056 cale/gr./*C.
Hoat contont of pases betweon 300 and 2050°K.

= 1750 % 0.31C56 = 543,48 cal,/gmy.
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Heat of Formation of Gases.

COp 0.000796 x 94,052 7487
00) 0.016347 x 26,711 436, 6L
Hp0 0.005759 x 57,504 331.17
CH,  0.000630 x 17,307 10,90
NH3 0,000180 x 10,150 183
855,41 cale/ga,.
Heat of formation of propellant 319,9 " =

Heat of explosion of propellant 535,51 M "

Correcting Tq for Compressibility. (2)

n E, /100 (E,/10%)
00,  0.000796 =742 -0,59063 230  0.17512
co 0.,016347 =47 =0.76831 34  0.55589
Hp0  0,005759  =-782 -4+ 5038 35 0.20157
Hp 0,012185 472 +0.87732 3 0.03656
N2 0,013075 =47 =04 6145 b QoLLh55
CHy,  0.000630 =52 =0,03276 37 0,02331
NH;  0,000180 =52 =0.00936 37  0.00666
0.048972 =546408 1 4445

2
% E' - ( # ) .E2
- 0.048972 x (-5.641) + 5;; . Loibd x 10*
2.8571 ¥

= 0.01714 x (-5,641) + 0,00029379 x 10% x Loh4ll = =9.67 + k25
= =5.42
B COrTre= 5}4-3-}4-8 = 5.42 = 53’8006

Correction

Calculated = 535,56
Difference = 2,5 cals-
Temperature correction = 5° approx.
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Pressure at Density 0.35 pm./cce

P = 0.5384 & 0.048972 « 2045 o 0.35 (1 +
= 18.8720 (1 + B/V + nG/V? )

¥ T

1062
165
172

15
165
181
131

B
00,  0.000796 50,4  0,04012
00 0.016347 32,65 05337
HO  0,005759 1.7 0.00979
H,  0.012185 16,0 0,19496
H2 0,013075 32,65 0,42690
CH,  0.000630 3548  0.02255
NH;  0.000180 35.8 0,006k
1256

B e L2256 x 035 = 0.4
nC = 0,048972 x (0.35)% x 7.0199 = 0,(42113
v2

nl

i)
N %Cé“ = 1474213

WP = 1.11.714-213 X 18.8?20
= 27,82 tons/sq.inch

Force Constant.

Ao = 14,91 x 2045 x G.048972

]

Percentages of Minor Products.
0a OU0630

Gl o SeRENY o 100 = 1,29
b = 0. 048973
_ 0sWU1BC x 100 = 0,37
N3 = 0.048972

)

048453
2,6973
049905
0,1828
241574k
0,1140

0,0326
+O1



-~

UNCLASSIFIED

bl
Carbon Deposition,
(€)? . (0.016347)% - 0.00026722% _ 0.33571
C02 0. 00079 0. 000795

Converting to partial pressures

§ICONY

pC0o

0433571 x 82,06 x 2045 x 0435

"

29,360
Now the value of K, at 21,045 = 54,450

Therefore there is no deposition of carbon in this case.

Co=volume,

Vo n = BBE = 0Q.048972 x 2045 x 0.538L
2 27.82

11 = m = 2292 = 1,938

0‘35 27082
M = 2,857 - 1,938

0e92 cce/gme

Fe527/155 in QF 3 inch/70 cale se.a. Gun = Condition at Muzzle.
1500°K; CH), = 0,002120; NHz = 0,000120

assuning Tq

]

Kg = Ko x 22610k j o, Kg = 1,2983 x 2,718 = 3.5288
By a celculation similar to that carried out on p. 17 the gas composition
is found to be 002 0,002319, CO 04012340, Hp0 0,005726, Ha 0,0093275,
Nz 0,013105, Cd), = 0.002120, NH3 = 0,000120,

Then using the mean specific heat of thc gascs botweon 300%mnd 1500°K,
tho hoat content of the gos can be colculatod.

Mean Spccific Hoot between 300 and 15009,

0.023835 cals./pme/°K,

C0p  0,002319 x 10,278

00  0,013340 x 54741 = 0,076585 " ~n m
Hp0  0,005726 x 7.589 = 0,043455 " v
Hy 0,0093275 x 5,228 = 0,048764 " " v
No 0,013105 x 54654 = 0,074,096 " T
CHy, 0,002120 x 13,672 = 0,028985 " nooon
NHz 0,000120 x 10,546 = 0.001266 " noow

0. 046058 0.296986 " . B

Heat Content of gases at 1500%K, 0,296986 x 1200 = 356,38 cals./gte

Correction for compressibility = 6,74 “als/g2s.
Corrected value = 349464 cal./gms.

NT L

UNCLASSIFIED



UNCLASSIFIED
RONTEE ey

Heat of formation of pases.

COp  0,002319 x 94,052 = 218.11 cals/fms,
CO 0.,013340 x 26,711 = 356,32 " W
Hp0 0.005726 x 57,504 = 329,27 " m

CH), 0.002120 x 17,307 = 36,69 " "
NH} 0.000120 x 10,150 = __ 1,32 " w
Shl.6l " W

Heat formation of propellant 319,9 " .

~Heat of formation of pases = Heat of formation of propellant = 621,71 cala,(é;ma.

Heat loss to barrel (5 per cent) 31,08 "
&Energy of shot 235,2 "
Energy remeining in gas 355e43 "
Now value obtained assuming T, = 1500 349,64 ]
Difference = 5¢79 "
5079 = 17°C. & Correction = 17 = 8,5°C,
o343 2

& Truc valuc for Te= 1508,5°K,

Deoposition of Carbon.

From the calculated fipures for the goas consusption

(99)2 B (0,013340)2 - 0.00017796 = 0.076738

C02 0.002319 0, 002319
[ 2(C0)J® = 0.076738 x 82,06 x 015 x 1508.5 = 1424.9
pCO2

Kg = 1626425
“1h24k,9 is less thon K9 and v therc is no corbon deposition,

The value for thc pressurc corresponds to 6.64 tons/squarc inch.
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